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@ Logging method and apparatus for measuring the resistivity of earth formations. 

@ A logging method for measuring the resistivity of fomnations having a borehole passing therethrough, 
wherein a logging sonde is suspended inside the borehole by means of a cable, the sonde comprising 
electrodes for injecting altemating currents into the fomnations, these electrodes comprising a central 
electrode Aq and focusing electrodes, together with a retum electrode B and a potential reference 
electrode N, one of which is placed above the sonde and the other of which is placed at the surface, and 
producing a resistivity log from the current lo emitted by the central electrode and the potential 
difference between the sonde and the reference electrode. The method further comprises the step of 
producing a second log of the resistivity with the retum and potential reference electrodes being placed 
as for the first log and under conditions such that the investigation depth is different from that 
applicable to the first log. The Invention is applicable to correcting the Groningen effect. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a method and 
apparatus for measuring the resistivity of fomnations 
having a borehole passing therethrough, and is par- 5 
ticularly applicable to the error-prone situation of 
measuring the resistivity of a conducting layer 
situated beneath a layer of high resistivity and of con- 
siderable thickness, with the bottom end or "shoe" of 
the casing being situated at the bottom of the thick io 
layer. 

Conventional apparatus for resistivity logging is 
Schlumberger's Dual Laterolog (DLT) described In 
particular in U.S. patents Nos. 3 772 589 (Scholberg) 
and 4 291 267 (Bonnet). This apparatus comprises a is 
sonde suspended from an electric cable by means of 
an insulating cable, with the sonde having an elongate 
shape suitable for displacement inside boreholes. 
The sonde includes a central electrode Aq emitting a 
cunrent Iq into the formation, and focusing electrodes 20 
(Ai, A'i and A2, A'2) disposed symmetrically on either 
side of the central electrode and intended to produce 
focussing cunrents which ensure that the radial pene- 
tration of the current Iq into the formation is approp- 
riate. The sonde also includes one or more 25 
potential-measuring electrodes M placed between the 
electrodes Aq and Ai or A'l. In addition to the sonde, 
the apparatus includes a reference potential elec- 
trode N situated on the insulating cable or at its top 
end where it joins the electric cable, and a cunrent 30 
retum electrode B placed on the surface. The resis- 
tivity value provided by this apparatus is the apparent 
resistivity: 

Ra = K(Vm-Vn)/Io 
where K is a constant called the geometric factor, Vm 35 
is the potential of the sonde as measured using the 
electrodes M, Vn is the reference potential, and Iq is 
the current emitted by the electrode Aq. 

In the above-mentioned apparatus, the emitted 
current is an altemating current. In order to obtain 40 
measurements simultaneously at different investi- 
gation depths, two different frequencies are used: a 
low frequency (35 Hz) for the deeper measurement 
called LLd; and a higher frequency (280 Hz) for the 
shallower measurement called LLs. However the pre- 45 
sent description relates only to the deeper measure- 
ment which is the only one requiring a retum electrode 
on the surface. 

Under special conditions, the measurement of the 
resistivity of a formation is subject to an error known so 
as the Groningen effect. Reference may be made to 
US patent number 4 335 353 (Lacour-Gayet) on this 
subject. This effect occurs when a layer of great thick- 
ness and high resistivity lies over a more conductive 
fomiation whose resistivity is to be evaluated. It can ss 
be explained by two factors. 

Firstly, current is transferred between the for- 
mation and the conducting core of the cable. Accord- 
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ing to transmission line theory, this transfer to the core 
of the cable takes place over a characteristic length 
(Lc) given by = (Rs/Rc)i where Rg is the resistivity 
of the fomnation situated around the cable core, and 
Rc Is the resistance of the cable per unit length. It can 
be seen that the characteristic length Lc is long if the 
resistivity Rg of the fonmatlon around the core is high. 
In practice, the presence of the core has the effect of 
deforming equipotential surfaces so that instead of 
being orthogonal to the borehole, they slope towards 
it. As a result, the potential of the reference electrode 
N, instead of being equal to the potential of a zone of 
fomnation situated at the same level as and at a sig- 
nificant distance from the borehole in a radial direc- 
tion, actually corresponds to the potential at a 
shallower level (i.e. a level closer to the surface), off- 
set by a length Lc relative to the level of the reference 
electrode. 

Secondly, current lines going towards the surface 
are concentrated by the skin effect into a cylinder cen- 
tered on the cable. This cylinder is analogous to a 
coaxial cable and has a resistance Re per unit length 
which is independent ofthe resistivity of the formation. 
This results in a drop in potential per unit length of AV 
= Re-lr where \j is the total current emitted by the 
apparatus. Since the length to be taken into consider- 
ation is the above-mentioned characteristic length Lc, 
the error in the reference potential is: 

AV.Lc = Re.lT.(Rs/Rc)' 
and the resulting measurement error is 
ARa = K.Re.(lT/lo).(Rs/Rc)^ 
using typical values for the various parameters, this 
gives 

ARa ^ 0.01 Rg^ 

It is observed that the enror may become con- 
siderable when the resistivity Rg of the layer surround- 
ing the reference electrode N is high. The error is of 
the order of 1 ohm-m for a resistivity Rg of the order 
of 10000 ohm-m. Consequently, if the formation at the 
sonde is conductive (e.g. if its apparent resistivity Rg 
is of the order of 1 ohm-m), then a very large relative 
enx)r ARg/Rg occurs. 

Above-mentioned US patent No. 4 335 353 des- 
cribes a technique for correcting this error based on 
measuring the component of the potential that Is in 
quadrature relative to the total cunrent ly. This method 
gives satisfaction so long as the high resistivity layer 
is situated far away from the cased section of the 
borehole. 

However, this method is inadequate when the 
borehole includes a cased section and the casing 
shoe (I.e. the bottom end thereof) is situated over the 
boundary between the conducting layer and the high 
resistivity layer. Under such circumstances, because 
of the skin effect in the tubing (generally made of 
steel), and therefore highly conductive, the current 
emitted by the measurement device is concentrated in 
a thin (a few millimeters thick) portion of the casing 
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wall, on the Inside of the casing and with a high current 
gradient occunring towards the casing shoe which 
then acts as the return electrode instead of the elec- 
trode on the surface. This gives rise to an error in the 
reference potential which may be ten to twenty times 
greater than the error that would occur in the absence 
of any casing. 

One object of the invention is to provide a tech- 
nique capable of correcting the enror relating to the 
reference potential, Including under the difficult cir- 
cumstances of the casing shoe being situated at the 
bottom of the high resistivity layer. 

SUMMARY OF THE INVENTION 

According to the method of the invention, a sec- 
ond log of the resistivity is produced, with the return 
and potential reference electrodes being placed as for 
the first log and under conditions such that, other 
things being equal, the investigation depth is different 
from that applicable to the first log. 

Two relatively independent measurement values 
are thus obtained for the formations under conditions 
which are otherwise identical, and from these meas- 
urements it is possible to determine the corrections 
that needs to be applied to the reference potential Vn. 

The invention also provides logging apparatus of 
the above-specified type that includes means for 
changing the investigation depth of the sonde. 

These means preferably consist In providing a top 
conducting portion adjacent to the end of the elec- 
trode A2 furthest from the central electrode A©, which 
top conducting portion is connected to the electrode 
A2 by an insulating connection capable of being short 
circuited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood from read- 
ing the following detailed description made with refer- 
ence to the drawings. In the drawings: 

Figure 1 is a diagram of a Dual Laterolog type log- 
ging system; 

Figure 2 shows current lines under conditions that 
give rise to the Groningen effect in the presence 
of casing; 

Figure 3 shows a first embodiment of logging 

apparatus of the invention; and 

Figure 4 shows a second embodiment of the 

invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a logging system including a 
laterolog type apparatus. This apparatus comprises a 
sonde 10 suspended from a cable 12 in a borehole 14. 
The sonde is connected to the cable 12 by an insulat- 
ing cable "bridle" 18. 



The sonde 10 is described in above-mentioned 
US patent 4 291 267 and reference should be made 
thereto for detailed infonmation. The sonde comprises 
a series of electrodes constituted by conducting rings 

5 disposed along an Insulating mandrel: a central elec- 
trode Ao launches the current, two pairs of focusing 
electrodes A^-A'i and A2-A'2 are disposed symmetri- 
cally on either side of the central electrode Ao, and two 
pairs of monitor electrodes Mi-M'i and M2-M'2 are 

10 placed between the central electrode Aq and the pair 
of electrodes Ai-A'i which are likewise disposed sym- 
metrically on either side of the electrode Aq. The elec- 
trodes in any given pair are interconnected by 
electrical connections. The voltage between the fo- 

15 cusing pair of electrodes Ai-A'i and the electrode Ao 
is adjusted by means of a control circuit 20 so as to 
maintain the voltage between the pairs of monitor 
electrodes Mi - M'land M2 - M'2 close to zero, and in 
addition the pair of electrodes A2 - A'2 is placed at the 

20 same potential as the pair of electrodes Ai - A'l. This 
forces the current Iq emitted by the electrode Ao to 
penetrate into the formation in a direction perpendicu- 
lar to the axis of the sonde so that the investigation 
depth of the current enables it to reach the non-inva- 

25 ded zone of the fonmation. The cunrents that are emit- 
ted are low frequency altemating currents, with the 
sonde operating, in practice, at two different fre- 
quencies which correspond to modes of investigation 
for different depths. For deep mode, the frequency is 

30 low (35 Hz). Cunrent return takes place via an elec- 
trode B placed at the surface. Shallow mode, which 
does not apply to the present invention, takes place 
at a higher frequency, with cunrent return via the elec- 
trodes A2 - A'2, and in this case these electrodes are 

35 not put at the same potential as the electrodes Ai - A^ . 

In deep mode, a resistivity value called the "appa- 
rent" resistivity Ra is obtained as described above by 
taking the ratio of the potential difference between the 
sonde 10 and the reference electrode N (19) divided 

40 by the current lo emitted by the central electrode Ao: 
Ra = K(Vm-Vn)/Io where 
V|^ is the potential taken from a monitor electrode 
such as M2; 

Vn is the reference potential taken from electrode N; 

45 and K is a constant called the geometric factor which 
depends on the geometry. 

As described above, the reference potential Vn 
may be subject to significant error under some condi- 
tions, referenced to as the Groningen effect. Figure 1 

50 illustrates these conditions. A thick layer 30 of high 
resistivity Rg follows a low resistivity layer 32. The 
error occurs when the reference electrode 19 is close 
to the boundary 31 between the layers 30 and 32. Fig- 
ure 1 shows how the current line 80 in the resistive 

55 layer 30 are distorted and the effect this has on the 
reference potential. Overall, the reference potential is 
subjected to an error Vn proportional to the total cur- 
rent It: 
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AVn = G.It 

As a result, the value obtained for the apparent 
resistivity is increased by a quantity: 

AR = K.G.(Mlo) 
where G represents the Groningen effect at the depth 5 
under consideration, said effect being the function of 
the characteristics of the apparatus for logging the for- 
mations through which the borehole passes, and of 
the borehole itself (whether or not it has casing and 
position relative to the casing shoe, and resistivity of io 
the drilling fluid). 

In the presence of casing having its shoe situated 
over the boundary 31 between the layers 30 and 32, 
the current lines are concentrated over the inside wall 
of the tubing because of the skin effect, as shown in is 
Figure 2, with current being concentrated in a thin por- 
tion (typically 2.7 mm thick) of the wall. As a result, all 
of the cun-ent lines converge on the casing shoe and 
it takes the place of the surface electrode B with res- 
pect to current return. 20 

In this situation, the Groningen effect can become 
10 to 20 times greater than it would be if there were 
no casing, and it may give rise to an error that is of the 
same order of magnitude as the resistivity value to be 
measured. 25 

In order to evaluate this effect once it has been 
shown up by examining a log, and in order to correct 
the resistivity values accordingly, a second measure- 
ment pass is performed in the conresponding portion 
of the borehole by means of logging apparatus which 30 
continues to use a surface current return, but which is 
modified with respect to its investigation depth. Two 
distinct resistivity measurements are thus obtained at 
each level, thereby providing two relatively indepen- 
dent equations having the resistivity Rg and the Groni- 35 
ngen effect G as unknowns. The resistivity Ra can be 
determined from these equations including correc- 
tions for the Groningen effect. 

In mathematical tenms, this method is expressed 
as follows. Using the above notation, the apparent 40 
resistivity is: 

Ra = K(Vm-Vn)/Io 
The error on the reference potential due to the Groni- 
ngen effect is: 

AVn = G.It 45 
The apparent resistivity is thus subject to an error 

AR = K.G.(It/Io) 
i.e., using the conventional notation: 

LLd = Ra + K.G.(It/Io) 
where LLd is the measurement provided by a so 
Laterolog sonde in deep mode. 

The second measurement pass takes place using 
modified apparatus having different values for the 
constant K relating to the geometry of the sonde, and 
for the ratio Ij/lo of the total current divided by the 55 
measurement current. With respect to these quan- 
tities, it may be observed that the constant K is known 
for a sonde of given geometry, and the ratio Ij/lo is 



determined on the basis of measurements relating to 
the operation of the sonde. If the values relating to the 
second pass are given a prime symbol then: 
LLd' + R'a + K'.G(lTyio)' 
Finally, since the apparent resistivities R'g and Rg 
conrespond to different investigation depths, they 
have different values under identical conditions. 
These values are linked by the relationship: 

R'a ~ C.Ra 

where the coefficient C is obtained using correction 
charts on the basis of the measurement LLd and LLs 
(shallow laterolog) provided by the sonde, and on the 
basis of a shallow resistivity measurement Rxo as 
provided, for example, by a microresistivity sonde of 
the Schlumberger SRT sonde type. 
This gives: 

R3=LLD.('-'-D'/C-LLD 

a- 1 

where a = — ^ ' 



C.K.(lTyio) 

The calculation is performed by iteration, using an ini- 
tial value for the coefficient C conresponding to no 
Groningen effect, i.e. corresponding to G = 0. 

In an advantageous implementation, the investi- 
gation depth of the sonde is obtained by changing the 
effective length of at least one of the electrodes A2. 

Figure 3 shows an embodiment of logging 
apparatus capable of obtaining such a change. The 
portion 10 encompassed by the brace symbol corres- 
ponds to a Schlumberger Dual Laterolog (DLT) sonde 
as used commercially. The shaded portions are cur- 
rent electrodes; the central electrode Aq. and the fo- 
cusing electrodes Ai - A'i and A2 - A'2 which are 
insulated from one another. Two insulating connec- 
tions 100 and 100' are provided, preferably of the type 
corresponding to Schlumberger reference AH1 69 and 
disposed adjacent to respective ones of the elec- 
trodes A2 - A'2 on their sides furthest from the central 
electrode, thereby isolating the electrodes A2 - A'2 
from other portions of the apparatus. The portion 101 
following the insulating connection 100 adjacent to 
the top electrode A2 is electrically conductive (at least 
over its outside surface) and Is itself insulated at its 
top end by an insulating connection 102, which is pref- 
erably of the above-mentioned AH169 type. The con- 
nection 100 is capable of being short circuited to 
establish an electrical connection between the top 
electrode A2 and the conducting portion 101. If the 
connection 100 is short circuited in this way, then the 
portion 101 emits a current like the electrode A2 and 
the effective length of the focusing electrode is 
increased by the length of the portion 101. Other 
things being equal, the quantity K.(It/Io) as defined 
above is thus changed compared with the situation 
where the connection 100 is effectively insulating. 

The conducting portion 101 may be constituted 
by a logging sonde of a different type, capable of act- 
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ing as a current electrode. For example. It may be a 
Schlumberger SRT microresistivity sonde as is con- 
ventionally associated with a DLT sonde in logging 
apparatus for providing a measure of the resistivity 
Rxo In the so-called "invaded" zone (measurements 
perfomned at a shallow Investigation depth). In this 
particular case, the effective length of the electrode A2 
is multiplied by a factor of about 2.5. 

In practice, if an anomaly is detected after per- 
fonmlng an operation using a sonde 10 of the above- 
mentioned type, which anomaly is shown up by 
resistivity values that are clearly too high, then the 
connection 100 is short circuited and the apparatus is 
lowered back down the borehole to perform a log, at 
least over that portion of the borehole to which the 
anomaly applies. 

The embodiment of Figure 3 introduces asym- 
metry in apparatus which is nonmally symmetrical. A 
variant shown in Figure 4 re-establishes symmetry by 
providing conducting portions 201 and 201' on oppo- 
site sides of the electrodes A2, with the conducting 
portions 201 and 20V extending respectively be- 
tween insulating connections 200 & 202 and between 
insulating connections 200' & 202'. 

The invention is not limited to the embodiments 
described above. 

Thus, the second log may be perfomned simul- 
taneously with the first instead of performing two suc- 
cessive operations. For simultaneously performance, 
apparatus such as that shown in Figure 3 may be pro- 
vided together with control means for alternately 
establishing and intenupting the electrical connection 
between the electrode A2 and the conducting portion 
101, short circuiting the insulating connection 100. 

In addition, the invention is applicable not only to 
the embodiments described including a surface return 
electrode B and a potential electrode reference N 
above the sonde, but also to the dual disposition com- 
prising a potential reference electrode at the surface 
and a return electrode above the sonde. 



Claims 

1 . A logging method for measuring the resistivity of 
a fonmation having a borehole (14) passing there- 
through, comprising the steps of: 

suspending a logging sonde (10) Inside 
the borehole by means of a cable (12), the sonde 
comprising a central electrode (Aq), focusing 
electrodes (Ai,A'i,A2,A'2) and monitor electrodes 
(Mi,M'i.M2,M'2) while providing a return electrode 
(B) and a reference electrode (N) disposed so 
that one of them is above the sonde (10) and the 
other is at the surface; 

injecting alternating cunrents into the for- 
mation, between (1) said central and focusing 
electrodes (Ao,Ai,A'i,A2,A'2) and (ii) said return 
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electrode (B); 

detecting the potential difference between 
said monitor electrodes {t^^M^M2M'2i and said 
reference electrode (N); 
5 and 

producing first signals representative of 
the formation resistivity from a first current emit- 
ted by the central electrode (Aq) and a first poten- 
tial difference detected between the sonde (10) 
10 and the reference electrode (N); 

characterized by comprising the step of: 
after changing the investigation depth of 
said sonde (10), producing second signals rep- 
resentative of the formation resistivity from a sec- 
ts ond cunrent emitted by said central electrode (Ao) 
and a second potential difference detected be- 
tween the sonde (10) and said reference elec- 
trode (N) in order to conrect said first 
measurement signals for the Groningen effect. 

20 

2, A logging method for measuring the resistivity of 
a formation having a borehole (14) passing there- 
through, comprising tiie steps of: 

suspending a logging sonde (10) inside 
25 the borehole by means of a cable (1 2), the sonde 
comprising a central electrode (Ao), focusing 
electrodes (A^A'^A2A'2^ and monitor electrodes 
(Ml, M'i,M2,M'2) while providing a return electrode 
(B) and a reference electrode (N) disposed so 
30 that one of them is above the sonde (1 0) and the 
other Is at the surface; 

injecting altemating currents into the for- 
mation, between (i) said central and focusing 
electrodes (Ao.Ai,A'i.A2,A'2) and (ii) said return 
35 electipode (B); 

detecting the potential difference between 
said monitor electrodes (Mi,M'i,M2,M'2) and said 
reference electrode (N); 
and 

40 producing first signals representative of 

the formation resistivity from a first current emit- 
ted by the central electrode (Aq) and a first poten- 
tial difference detected between the sonde (10) 
and the reference electrode (N); 

45 characterized by comprising the step of: 

after changing the product K.(It/Io). where 
K is a geometric factor relating to the sonde and 
Ij/lo is the ratio of the total current It emitted by the 
sonde divided by the cunrent Iq emitted by the 

50 central electrode Aq, producing second signals 
representative of the formation resistivity from a 
second cunrent emitted by said central electrode 
(Ao) and a second potential difference detected 
between the sonde (10) and said reference elec- 

55 trode (N). 

3. The method according to claim 2, wherein said 
second resistivity signals are produced after 
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changing the length of at least one of the focusing 
electrodes (AuA'^AzA't)- 

4. The method according to claim 3, wherein said 
second resistivity signals are produced aftersym- 5 
metrically changing the length of two focusing 
electrodes (A2A'2) placed on either side of the 
cunrent electrode. 

5. A logging apparatus for measuring the resistivity io 
of a formation having a borehole (14) passing 
therethrough, comprising: 

a logging sonde (10) adapted to be moved 
along the borehole and suspended from an elec- 
tric cable (12), the sonde comprising a central 15 
electrode (Ao), focusing electrodes (Ai ,A'i , A2, A 2) 
and monitor electrodes (Mi,M'i,M2,M'2); 

a return electrode (B) and a reference 
electrode (N) disposed so that one is above the 
sonde and the other is at the surface; 20 

means for injecting altemating cunrents 
into the formation between (1) said central and fo- 
cusing electrodes (Ao.Ai,Ai,A2,A'2) and (ii) said 
return electrode (B); 

means for detecting the potential differ- 25 
ence between one of said monitor electrodes 
(Mi,M'i,M2,M'2) and said reference electrode (N); 
and 

means for producing first signals rep- 
resentative of the formation resistivity from the 30 
cunrent emitted by the central electrode (A©) and 
the potential difference detected between the 
sonde (10) and the reference electrode (N); 

characterized by: 

means for changing the investigation 35 
depth of the sonde (1 0) so that said signal produc- 
ing means are adapted to produce second resis- 
tivity signals to con'ect said first signals for 
Groningen effect 

40 

6. A logging apparatus for measuring the resistivity 
of a formation having a borehole (14) passing 
therethrough, comprising: 

a logging sonde (10) adapted to be moved 
along the borehole and suspended from an elec- 45 
trie cable (12), the sonde comprising a central 
electrode (A©), focusing electrodes (Ai,A'-t,A2,A'2) 
and monitor electrodes (Mi,M'i,M2.M'2); 

a return electrode (B) and a reference 
electrode (N) disposed so that one is above the so 
sonde and the other is at the surface; 

means for injecting altemating currents 
into the formation between (i) said central and fo- 
cusing electrodes (Ao.Ai,A'i,A2,A'2) and (ii) said 
return electrode (B); 55 

means for detecting the potential differ- 
ence between one of said monitor electrodes 
(Mi,M'i,M2,M'2) and said reference electrode (N); 



and 

means for producing first signals rep- 
resentative of the formation resistivity from the 
cunrent emitted by the central electrode (Ao) and 
the potential difference detected between the 
sonde (10) and the reference electrode (N); 

characterized by: 

means for changing the product K.(ItVIo). 
where K is a geometric factor relating to the sonde 
and It/Io is the ratio of total cunrent It emitted by 
the sonde divided by the current Io emitted by the 
central electrode (Ao). 

7. The apparatus according to claim 6. including 
means for changing the length of at least one of 
the focusing electrodes (Ai,A'i,A2,A'2). 

8. The apparatus according to claim 7, wherein said 
length changing means include a conducting por- 
tion (101,201,201') placed adjacent to the focus- 
ing electrode (A2,A'2) on its side furthest from the 
current electrode, and an insulating connection 
(100.200.200') capable of being short circuited 
and placed between the focusing electrode 
(A2.A'2) and the conducting portion 
(101.201.201'). 

d. The apparatus according to claim 8. wherein the 
conducting portion (101) is constituted by a 
microresistivity sonde. 
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